This paper analyses the hydrodynamic behaviour of electrochemical reactors by simulating stimulus-response experiments. The experiments were performed with a simple experimental arrangement to generate data (Residence Time Distribution (RTD) curves) from electrolytic conductivity measurements. The multiparametric model proposed and the Matlab program developed allow the study of electrochemical reactors using three-dimensional electrodes, providing values of characteristic parameters of the materials, such as porosity and compressibility. The study of the reactor also permits modelling of the electrochemical reactions that will be produced inside it.
INTRODUCTION
Filter-press cells (Walsh 1993 The conditions for the convergence of the system are discussed and implemented. The program is then used for the modelling of an experimental reactor, previously described by Gonzá lez-García et al. (2000) , and the results are discussed. Recently, this program has been used for the
MODELLING THE REACTOR: MASS BALANCE AND MODEL

Total mass and species mass balances
For any fluid, we require that the total mass flow into some element of volume minus the out flow is equal to the rate of accumulation of mass and we either write these as integral balances (stoichiometry) or as differential balances on a differential element of volume:
where r is the density, and the term in bold italic is a vector with x, y and z coordinates, i.e. the velocity u has three components. The usual forms of the balances are concerned with u z , the velocity component in the direction of flow down the tube.
When we assume a steady-state density-constant reactor, we obtain the simple form of this equation:
which is a statement of mass conservation, as required by stoichiometry.
This equation applies to the total mass density of the system, while we use the amount of material when describing any chemical reactions. 
Model of the reactor
The reactor considered in this work has been characterized using input tracer experiments to measure the residence time distribution (RTD). The form of this function is shown in Figure 1 . To develop a model for the observed behaviour, different non-ideal flow models have been tested. These models are based on the combination of the dispersed plug-flow reactor and tank-in-series models. Levich et al. (1967) consider the hydrodynamic mixing in a The model equations can be found by applying the mass balance equation (4) If we introduce some dimensionless units, we find from Eqs (6) and (7) where Z = z/L, with L being the total length of the reactor;
N a is the number of mass transfer units for the mass exchange between the dynamic and the static phase, and
Pe d is the Peclet number for the dynamic phase. For the calculation of the RTD due to this pathway, we will solve the pair of Eqs (8) and (9) with the appropriate boundary conditions. Considering that the model proposed for path 1 may be applied to a volume V 1 that has a flow rate Q 1 , and the model for path 2 may be applied to a volume V 2 , with a flow rate Q 2 , we write
and the mean residence times will be given by the
The total RTD is calculated using the following equation
For the evaluation of the parameters, an objective function is defined:
In this equation, r represents each experiment at a different flow rate, k represents the data collected at each time, and the sub-indexes 'cal' and 'exp' correspond to the calculated and experimental data, respectively. 
SOLUTION OF THE SYSTEM OF PARTIAL DIFFERENTIAL EQUATIONS
In the program the method used to solve the system of equations is the finite difference method (Finlayson 1980). This would give the so-called F curve, related to the E curve by the relationship given in Levenspiel (1999):
In this way, the input signal used in the calculations is a step function that is later differentiated to obtain the E curve. The reason for this is the simplicity of the step boundary condition, compared to the pulse input.
The equation system proposed before has been solved by Villermaux & Van Swaaij (1969) using the Laplace transformation. Due to the complexity of an analytical solution, the equation system has been solved numerically in this paper.
STRUCTURE OF THE PROGRAMS
For the purpose of this paper, two Matlab programs are used. These are, on the one hand, the main module (OPTIMISE.M), and, on the other, the function module (OBJECTIVE.M). The code of the programs is given at the end of the paper. A flow chart of the program is given in (10) and (14).
The problem now is that the E is calculated at times that do not match the experimental ones, so we must find
the E values at the times that we have experimental data for, in order to compare them using Eq. (15 Finally the objective function is calculated and returned to the main module.
APPLICATION TO AN EXPERIMENTAL REACTOR
As an example, the programs described have been applied to the reactor UA200.08 implemented with carbon felt RVC 4002 (Le Carbon Lorraine). The properties of the reactor are described elsewhere (Gonzá lez-García et al.
2000)
. The runs considered here are performed at a flow rate of 33 L h − 1 and using a cell thickness of 8 mm ( Figure   4 ), whereas the carbon felt thicknesses were 8, 9, 10 and 13 mm. Taking into account the thickness of the cell, a felt thickness value of less than 8 mm would not produce a good electrical contact. On the other hand, a felt thickness above 13 mm would produce a very high-pressure drop, so it is not economically viable. 1968 ) for ratios of felt thickness/cell thickness equal to 8/8, 9/8, 10/8 and 13/8. In the figures we can also see the contribution of each of the pathways inside the reactor to the total residence time distribution. As we can see, the fitting of the experimental data is satisfactory, except maybe in the long tail present in some curves. The fitting in this zone could be improved by modifying the objective function appropriately, for example increasing the relative weights of the differences in this zone, but a fit of these characteristics will not represent the whole experimental data.
The fitting parameters are presented in Table 1 . Some other variables, calculated from the parameters fitted, are also presented in the table. It is important to note that all the calculated parameters have a useful and clear physical 
CONCLUSIONS
A model for a continuous flowing reactor has been developed that allows the characterization of the hydrodynamics. Mathematical development has been described in detail, from the total mass and species mass balances to the differential equations governing the behaviour of our particular reactor. There is a controversy between researchers relating to the use of multi-parameter models due to the loss of physical meaning in the parameters.
However, in some cases, such as the present paper, the use of a multi-parameter model is fully justified since it gives information about physical properties that are difficult to obtain by other methods. This is the case of the parameter figure (1) plot(commontime,eexp,'--',commontime,ecal); drawnow
